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FERROELECTRIC TRANSISTOR, USE THEREOF IN A MEMORY CELL 



CONFIGURATION AND METHOD OF PRODUCING THE FERROELECTRIC 

TRANSISTOR 

Cross-Ref erence to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE99/02083 , filed July 5, 1999, which 
designated the United States. 

Background of the Invention : 
Field of the Invention : 
The invention relates to a ferroelectric transistor that has 
two source/drain regions, a channel region, a gate electrode, 
and a layer of ferroelectric material provided between the 
gate electrode and the channel region. The conductivity of 
this transistor is dependent on the state of polarization of 
the layer of ferroelectric material . Ferroelectric 
transistors of this type are being investigated with regard to 
non-volatile memories. This involves assigning two different 
states of polarization of the layer of ferroelectric material 
to two different logical values of a digital item of 
information. Other possible applications for ferroelectric 
transistors of this type are, for example, in neural networks. 
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It is known (see for example T. Nakamura, Y. Nakao, A. 
Kamisawa, H. Takasu: A Single Transistor Ferroelectric Memory 
Cell, IEEE, ISSCC, 1995, pages 68 to 69), to use ferroelectric 
transistors as memory cells of a memory cell configuration. 
5 In this case, each of the ferroelectric transistors is 

connected between a supply voltage line and a bit line. The 
selection takes place via a back gate. The ferroelectric 
transistors used have a floating gate electrode between the 
3 ferroelectric layer and the gate oxide. The charge of the 

! ®0 floating gate electrode is controlled via the state of 

13 

IT! polarization of the ferroelectric layer. 

i w 

Q 

■Q 

p It has been found that, when reading the information, voltage 

y 

Q drops occur even at non- selected memory cells and this may 
il5 lead to a falsification of the information stored in the 

individual memory cells. This falsification is attributed to 
the fact that flipping processes of the domains in 
ferroelectric materials are of a random nature and can be 
induced even at low voltages. 

20 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
ferroelectric transistor and a method of producing the 
transistor which overcomes the above-mentioned disadvantageous 
25 of the prior art apparatus and methods of this general type. 
In particular, it is an object of the invention to provide a 
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ferroelectric transistor which is suitable as a memory cell of 
a memory cell configuration and in which changing of the 
written information during the reading operation is avoided. 



5 With the foregoing and other objects in view there is 

provided, in accordance with the invention a ferroelectric 
transistor that has two source/drain regions, which are 
configured in a semiconductor substrate. All semiconductor 
)□ materials, in particular monocrystalline silicon, are suitable 
! lo as the semiconductor substrate. The semiconductor substrate 



! y 
□ 



J d 



may in this case be both a monocrystalline silicon wafer and a 
SOI substrate. Configured on the surface of the semiconductor 
substrate between the two source/drain regions is a first gate 
□ intermediate layer and a first gate electrode. The first gate 
25 intermediate layer contains at least one ferroelectric layer. 
Configured between the source/drain regions, in the direction 
of a joining line between the source/drain regions, there is 
in addition to the first gate intermediate layer, a second 
gate intermediate layer and a second gate electrode. The 
20 second gate intermediate layer contains a dielectric layer. 
The first gate electrode and the second gate electrode are 
connected to each other via a diode structure . 



In this ferroelectric transistor, the first gate electrode and 
25 the second gate electrode are configured next to each other 

along the joining line between the source/drain regions. The 
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channel region of the ferroelectric transistor is consequently 
subdivided. One part of the channel region, which is 
configured under the first gate electrode, is capable of being 
activated by the charge effective at the first gate electrode. 
5 Another part of the channel region, which is configured under 
the second gate electrode, is capable of being activated by 
the charge effective at the second gate electrode. Current 
can flow between the source/drain regions only when both the 
Q part of the channel region below the first gate electrode and 
'So the part of the channel region below the second gate electrode 
\T- are conducting. 

q The diode structure is polarized in such a way that, when a 

Q voltage is present at the second gate electrode, the 

j 3s conductivity of the channel region under the second gate 

electrode is controlled, the diode structure blocks, and as a 
result, the first gate electrode is isolated from this 
voltage . 

20 When the ferroelectric transistor is being used as a memory 
for digital information, two states of polarization are 
assigned to the logical values in the ferroelectric layer. In 
the case of one state of polarization, the channel region 
below the first gate electrode and the ferroelectric layer is 

25 conducting, in the case of the other state it is not. 
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Since the first gate electrode and the second gate electrode 
are configured next to each other in the direction of the 
joining line between the source/drain regions, the activation 
by the second gate electrode is adequate for performing the 
5 reading operation. Dependent on the state of polarization of 
the ferroelectric layer, the channel region below the first 
gate electrode is or is not conducting. By activating the 
second gate electrode in such a way that the transistor in the 

□ region of the second gate electrode is turned on, the 

'-^0 information is read out, and it is assessed whether a current 

'-si 

is or is not flowing via the transistor. 

! y 

q 
. 

: 

□ The diode structure which is configured between the first gate 

□ electrode and the second gate electrode ensures that the 
>35 voltage for activating the second gate electrode drops only 

over the second gate electrode. The first gate electrode is 
isolated from this voltage via the diode structure, so that no 
voltage drops over the ferroelectric layer. As a result, 
changing of the polarization of the ferroelectric layer, and 
20 consequently of the stored information, is avoided. 



Alternatively, a voltage may be applied to the second gate 
electrode in order to polarize the ferroelectric layer. This 
is used for writing and erasing information. 

25 
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Writing of information takes place in this case by a voltage 
which is greater than the reverse voltage of the diode 
structure and which polarizes the ferroelectric layer in one 
direction . 

Erasing of the information takes place by a voltage with a 
different algebraic sign, so that the diode structure is 
polarized in the conducting direction and the voltage dropping 
across the ferroelectric layer polarizes the latter in the 



^10 other direction. 
□ 



The terms writing and erasing of information can also be used 
vice versa in this connection. 



■^5 In accordance with an added feature of the invention, the 

second gate intermediate layer and the second gate electrode 
are respectively made up of two substructures which are 
configured mirror- symmetrically in relation to the first gate 
intermediate layer. The two substructures of the second gate 
20 electrode are electrically connected to each other. This 
configuration has the advantage that the voltage present 
across the second gate electrode induces, during the reading 
operation, an electric field of such a kind that the 
ferroelectric layer lies on an equipotent ial line and 
25 consequently no change in the polarization of the 
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ferroelectric layer occurs. This configuration of the 
invention is particularly insensitive to disturbances. 
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In accordance with an additional feature of the invention, a 
5 dielectric layer is provided between the surface of the 

semiconductor substrate and the ferroelectric layer. This 
facilitates the application of the ferroelectric layer. 



In accordance with another feature of the invention, the 
dielectric layer which is configured in the first gate 
intermediate layer between the semiconductor surface and the 
ferroelectric layer, and the dielectric layer which is a 
component part of the second gate intermediate layer are 
formed as a continuous electrical layer. The stack including 
the ferroelectric layer and the first gate electrode is 
produced on the surface of the continuous electrical layer. 

In accordance with a further feature of the invention, the 
first gate electrode and/or the second gate electrode are part 
20 of the diode structure. In this way, the space requirement of 
the diode structure is reduced. 



In accordance with a further added feature of the invention, 
the first gate electrode has polycrystalline silicon which is 
25 doped of a first conductivity type. The second gate electrode 
likewise has polycrystalline silicon which is doped of a 
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second conductivity type, opposite that of the first type. 
The first gate electrode is in this case adjacent to the 
second gate electrode, so that the diode structure is formed 
by the first gate electrode and the second gate electrode. In 
this configuration, only three terminals are required for the 
operation of the ferroelectric transistor, two at the 
source/drain regions and one at the second gate electrode. 
Alternatively, in this configuration the first gate electrode 
and the second gate electrode can be respectively formed by 



'So correspondingly doped epitaxially grown silicon. 



In accordance with a further additional feature of the 
invention, an auxiliary layer, for example of platinum, is 
provided between the ferroelectric layer and the first gate 
'Is electrode. The auxiliary layer avoids undesired properties of 
the ferroelectric layer, such as for example, fatigue or 
imprint resistance . 

In accordance with yet another feature of the invention, the 
20 first gate intermediate layer contains a dielectric layer of 
Ce0 2 , Zr0 2 , Y 2 0 3 , or another oxide with the greatest possible 
dielectric susceptibility, for example SrTi0 3 . For the 
dielectric layer in the second gate intermediate layer, Si0 2 , 
Ce0 2 , Zr0 2 , Y 2 0 3 , or another oxide with the greatest possible 
25 dielectric susceptibility, for example SrTi0 3/ is suitable. 
The ferroelectric layer may be composed of, inter alia, 
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strontium-bismuth-tantalum (SBT) , lead- zirconium- titanate 
(PZT) , lithium niobate (LiNb0 3 ) or barium-strontium- titanate 
(BST) . 



5 With the foregoing and other objects in view there is also 
provided, in accordance with the invention, a memory cell 
configuration including a plurality of memory cells that 
include the above described ferroelectric transistor. 



'Mo With regard to the interference immunity of the memory cell 

□ 

!r! configuration during the reading, writing and erasing of 

[% information, it is advantageous, in this case, to provide each 

13 memory cell with, in addition to the ferroelectric transistor, 

Q a selection transistor having a control electrode. In 

155 addition, the memory cell configuration has word lines, bit 

lines and supply lines, the word lines cross the supply lines 
and the bit lines. The ferroelectric transistor of one of the 
memory cells is, in each case, connected between two 
neighboring bit lines. The selection transistor is connected 
2 0 between the second gate electrode and one of the supply 
voltage lines. The control electrode of the selection 
transistor is respectively connected to one of the word lines. 



With the foregoing and other objects in view there is also 
25 provided, in accordance with the invention, a method of 
producing a ferroelectric transistor, which includes: 
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providing a semiconductor substrate with a surface; applying, 
to the surface of the semiconductor substrate, a dielectric 
layer, a ferroelectric layer, and a first electrode layer; 
structuring the first electrode layer and the ferroelectric 
5 layer together to produce a first gate electrod; applying and 
structuring a second electrode layer to produce a second gate 
electrode adjacent and laterally overlapping the first gate 
electrode; and providing the first gate electrode and the 
□ second gate electrode from materials that are matched to each 
j 8o other in such a way that the first gate electrode and the 



t!3 

iu 
□ 



second gate electrode form a diode structure. 



□ With the foregoing and other objects in view there is also 

provided, in accordance with the invention, a method of 
□5 producing a ferroelectric transistor, which includes: 

providing a semiconductor substrate with a surface; applying, 
to the surface of the semiconductor substrate, a first gate 
intermediate layer, a ferroelectric layer, and a first 
electrode layer; structuring the first electrode layer the 
2 0 ferroelectric layer, and the first electrode layer together to 
produce a first gate electrode; producing a second gate 
intermediate layer disposed laterally relative to the first 
gate intermediate layer; providing the second gate 
intermediate layer with a dielectric layer; applying and 
25 structuring a second electrode layer to produce a second gate 
electrode adjacent and laterally overlapping the first gate 
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electrode; and providing the first gate electrode and the 
second gate electrode from materials that are matched to each 
other in such a way that the first gate electrode and the 
second gate electrode form a diode structure. 

5 

In accordance with a concomitant feature of the invention, the 
method includes steps of, applying an auxiliary layer between 
the ferroelectric layer and the first electrode layer; and 
□ structuring the auxiliary layer when performing the step of 
;ffio structuring the ferroelectric layer and the first electrode 

i : 

layer . 



in 

■as? 

|^ Other features which are considered as characteristic for the 



invention are set forth in the appended claims 



Although the invention is illustrated and described herein as 
embodied in a ferroelectric transistor, use thereof in a 
memory cell configuration and method of producing it, it is 
nevertheless not intended to be limited to the details shown, 
2 0 since various modifications and structural changes may be made 
therein without departing from the spirit of the invention and 
within the scope and range of equivalents of the claims. 



The construction and method of operation of the invention, 
2 5 however, together with additional objects and advantages 

thereof will be best understood from the following description 
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of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Fig. 1 shows a section through a ferroelectric transistor; 

Fig. 2 shows a section through a ferroelectric transistor in 
which the first gate intermediate layer and the second gate 
intermediate layer have a continuous dielectric layer; 

Figs. 3 to 5 show steps used to produce the ferroelectric 
transistor which is shown in Fig. 2; and 



□ Fig. 6 shows a circuit diagram for a memory cell 
i35 configuration. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a 

20 cross-sectional view taken through a ferroelectric transistor. 
Two source/drain regions 12 are configured in a p-doped 
semiconductor substrate 11 made of monocrystalline silicon. A 
first gate intermediate layer 13 and a first gate electrode 14 
are configured between the source/drain regions 12 on the 

25 surface of the semiconductor substrate 11. The first gate 

intermediate layer 13 has a dimension, in the direction of the 
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line joining the two source/drain regions 12, that is smaller 
than the distance between the two source/drain regions 12. 
The first gate intermediate layer 13 has a first dielectric 
layer 131 and a ferroelectric layer 132. The first dielectric 
5 layer 131 contains Ce0 2 and has a thickness of 5 to 10 nm. 
The ferroelectric layer 132 has a thickness of 50 to 100 nm 
and contains strontium-bismuth- tantalum { SBT) or lead- 
zirconium- titanate (PZT) . The first gate electrode 14 has a 
p thickness of 3 0 to 50 nm and is formed from p + -doped 
^lo polysilicon with a dopant concentration in the order of 10 
!~ cm" 3 . An auxiliary layer 15 is configured between the first 
gate electrode 14 and the ferroelectric layer 132. The 
auxiliary layer 15 protects the ferroelectric layer 132 and is 
formed from platinum in a thickness of 3 0 nm. 



1^5 

jot 

A second dielectric layer 16 of Si0 2 having a layer thickness 
of 5 to 10 nm is configured laterally in relation to the first 
dielectric layer 131. The second dielectric layer 16 includes 
two parts. One part is configured between one of the 

20 source/drain regions 12 and the first dielectric layer 131 and 
the other part is configured between the other source/drain 
region 12 and the first dielectric layer 131. The two parts 
of the second dielectric layer 16 are configured mirror- 
symmetrically in relation to the first dielectric layer 131. 

25 The two parts of the second dielectric layer 16 act as a 

second gate intermediate layer. A second gate electrode 17 of 
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n + -doped polysilicon is configured above the second dielectric 
layer 16. The second gate electrode 17 covers the first gate 
electrode 14, so that it has a U-shaped cross section in the 
section shown in Fig. 1. As a result, the two parts of the 
second gate electrode 17, which are configured on the surface 
of the two parts of the second dielectric layer 16, are 
electrically connected to each other. Furthermore, the second 
gate electrode 17 is adjacent to the surface of the first gate 
electrode 14. The first gate electrode 14 and the second gate 
electrode 17 together form a diode structure. 

For writing information into the ferroelectric transistor, the 
pn junction, which is formed by the first gate electrode 14 
and the second gate electrode 17, is operated in the 
conducting direction, that is to say, a negative voltage pulse 
is applied to the n + -doped second gate electrode 17. As a 
result, the ferroelectric layer 132 is polarized in such a way 
that the part of the channel region configured under the first 
gate intermediate layer 13 is in accumulation and therefore 
blocks . 

For reading from the memory transistor, on the other hand, the 
pn junction, which is formed by the first electrode 14 and the 
second gate electrode 17, is operated in the non-conducting 
direction below the breakdown voltage. As a result, the 
channel region is brought into inversion via the second gate 
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electrode 17 on both sides of the ferroelectric layer 132, 

without the state of polarization of the ferroelectric layer 

132 changing in the process. A current flows via the 

transistor only when the ferroelectric layer 132 is polarized 

5 in such a way that the part of the channel region which is 

below the first gate intermediate layer 13, that is to say 

below the ferroelectric layer 132, is also in inversion. 

Otherwise, no current flows via the transistor. The states 

□ "current flow via the transistor" and "no current flow via the 

j So transistor" are consequently assigned to the various items of 
□ 

;7= logical information. 



To erase the information stored in the ferroelectric layer 
132, the pn junction formed by the first gate electrode 14 and 
j 5s the second gate electrode 17 is operated in the non-conducting 
direction above its breakdown voltage. As a result, the 
ferroelectric layer 132 is polarized in such a way that the 
channel region below the first gate intermediate layer 13 is 
in inversion and therefore conducts. 

20 

Referring to Fig. 2, there is shown a cross-sectional view 
taken through a further exemplary embodiment of the 
ferroelectric transistor. The further exemplary embodiment 
includes a semiconductor substrate 21 that has two 
25 source/drain regions 22 designed in a form analogous to that 

explained with reference to the embodiment shown in Fig. 1. A 
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dielectric layer 26 having a layer thickness of 5 to 10 nm and 
formed from Ce0 2 or Zr0 2 is configured between the source/drain 
regions 22 on the surface of the semiconductor substrate 21. 
A ferroelectric layer 23 is configured on the surface of the 
dielectric layer 26. The dimension of the ferroelectric layer 
23 parallel to the surface of the substrate 21 is smaller than 
that of the dielectric layer 26. The dielectric layer 26 
protrudes laterally beyond the ferroelectric layer 23. An 
auxiliary layer 25 is configured on the surface of the 
ferroelectric layer 23. A first gate electrode 24 is 
configured on the surface of the auxiliary layer 25. A second 
gate electrode 27 abuts the surface of the dielectric layer 26 
on both sides of the ferroelectric layer 23 and covers the 
first gate electrode 24. The ferroelectric layer 23, the 
auxiliary layer 25, the first gate electrode 24, and the 
second gate electrode 2 7 are configured in a way analogous to 
that explained with reference to the embodiment shown in Fig. 
1. The operating mode of the ferroelectric transistor 
represented in Fig. 2 takes place in a way analogous to that 
explained on the basis of Fig. 1. 

To produce the ferroelectric transistor represented in Fig. 2, 
the dielectric layer 26 is deposited onto the surface of the 
semiconductor substrate 21, in which first active and non- 
active regions were defined by an isolating technique, and in 
which trenches were implanted in a known way (not 
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represented) . An appropriate isolating technique can be, for 
example, a LOCOS technique or an STI (Shallow Trench 
Isolation) technique (not represented) . The ferroelectric 
layer 23 is applied to the dielectric layer 26 by a single- 
stage or multi-stage sol-gel process or by a CVD process. A 
heat treatment at 700°C follows, in order to bring the 
ferroelectric layer 23 into the desired ferroelectric phase. 
The auxiliary layer 25 of platinum is then applied to the 
surface of the ferroelectric layer 23 by sputtering. A p- 
doped polysilicon layer 24 1 is deposited onto the auxiliary 
layer 25 (see Fig. 3) . 

Subsequently, using a photoresist mask which defines the form 
of the first gate electrode 24, the p + -doped polysilicon layer 
24", the auxiliary layer 25 and the ferroelectric layer 23 are 
structured down to the surface of the dielectric layer 26. 
Used for this purpose is a multi-stage etching process in 
which HBr or HC1 is used for structuring the p + -doped 
polysilicon layer 24 1 and Cl 2 and/or Ar with additions of 
heavy gases, such as for example SF 6 , BC1 3 , is used for 
structuring the auxiliary layer 25 of the ferroelectric layer 
26 . 

Subsequently, a n-doped polysilicon layer 27 1 is deposited, 
having a thickness of 120 to 150 nm (See Fig. 4) . In a 
following, multi-stage etching process, the n-doped 



□ 
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polysilicon layer 27' and the dielectric layer 26 are 
structured, with the second gate electrode 2 7 being formed. 
The second gate electrode 27 overlaps the first gate electrode 
24 laterally on both sides. HBr or HC1 is used for 
structuring the n-doped polysilicon layer 27'. CI, Ar, or a 
mixture of Cl and Ar with additions of heavy gases, such as 
for example SF 6 , BC1 3 , is used for structuring the dielectric 
layer 26 (see Fig. 5) . 



LlO By implantation with arsenic, the source/drain regions 22 are 

□ 

then implanted in a self -adjusted manner in relation to the 



second gate electrode 24. This completes the ferroelectric 
transistor represented in Fig. 2. 



'*4 

rj5 The production process can be varied in many different ways. 



In particular, the heat treatment for fixing the desired 
ferroelectric phase of the ferroelectric layer 23 may also 
take place after the deposition of the p-doped polysilicon 
layer 24, if the required temperature is low enough so that no 

20 Si0 2 forms above the auxiliary layer 25 and below the first 

electrode. Preferably, the heat treatment is performed after 
deposition of the auxiliary layer 25. Furthermore, in the 
structuring of the first gate electrode 24, the dielectric 
layer 26 may be structured at the same time down to the 

2 5 surface of the semiconductor substrate 21 and the heat 
treatment may take place after forming the first gate 

-18- 




GR 98 P 2499 



electrode 24. In this case, during this heat treatment, an 
SiQ 2 layer is formed on the surface of the semiconductor 
substrate 21, lateral to the first gate electrode 24 and is 
used thereafter as a gate oxide below the second gate 
5 electrode 27 lateral to the first gate electrode 24. The heat 
treatment is in this case preferably controlled in such a way 
that an Si0 2 layer is not at the same time produced between 
the first gate electrode 24 and the auxiliary layer 25. 

O 

ilo Furthermore, the source/drain regions 22 may also be produced 

;==! 

with an LDD profile. For this purpose, spacers are formed on 

IU 

^ the edges of the second gate electrode 27 in the course of the 

13 process. 

I ; y 

!3s In the exemplary embodiments, the construction of an n-channel 
transistor has been described. The invention can be carried 
out in an analogous way for a p- channel transistor; in this 
case, all of the conductivity types are to be changed over 
correspondingly . 

20 

In a memory cell configuration, a large number of memory cells 
are provided, each of which has a ferroelectric transistor FT 
and a selection transistor AT (see Fig. 6) . The ferroelectric 
transistor FT is in each case configured in the way explained 
25 on the basis of Fig. 1 or Fig. 2. The selection transistor AT. 
is configured as a MOS transistor with a gate electrode. The 
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memory cell configuration additionally includes word lines WL, 
supply lines VL and bit lines BL. The word lines WL cross 
both the supply lines VL and the bit lines BL. 

The ferroelectric transistor FT of each of the memory cells is 
respectively connected between two neighboring bit lines BL. 
The selection transistor AT of the corresponding memory cell 
is connected between the second gate electrode of the 
ferroelectric transistor FT and a supply line VL. The gate 
electrode of the selection transistor AT is connected to one 
of the word lines WL . 

The selection of a memory cell takes place in the memory cell 
configuration via the corresponding word line WL and the 
corresponding supply line VL. 

Reading from the memory cell takes place by performing a 
continuity test between the neighboring bit lines BL , between 
which the corresponding ferroelectric transistor FT is 
connected. To read out the information, the associated supply 
line VL is subjected to a voltage level, so that the pn 
junction formed by the first gate electrode and second gate 
electrode in the ferroelectric transistor is operated in the 
non-conducting direction below the breakdown voltage. The 
second gate electrode in this case brings the channel region 
of the ferroelectric transistor laterally in relation to the 
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ferroelectric layer locally into inversion, without at the 
same time changing the state of polarization of the 
ferroelectric layer. A current flows through the 
ferroelectric transistor only when the ferroelectric layer is 
5 polarized in such a way that the channel region below the 

ferroelectric layer is also in inversion. A current can only 
flow between the neighboring bit lines BL if the selected 
ferroelectric transistor FT is turned on, that is to say if 
ip the ferroelectric layer is correspondingly polarized. 

Ho 
□ 

^ To write information into the ferroelectric transistor FT of a 

i'l = 

l ji memory cell, the selection likewise takes place via the 
1^ corresponding word line WL and the corresponding supply line 
o VL. In this case, the corresponding supply line VL is 
i35 subjected to a level by which the pn junction which is formed 
by the first gate electrode and second gate electrode of the 
ferroelectric transistor FT is operated in the conducting 
direction. As a result, the ferroelectric layer is polarized 
in such a way that the channel region below the ferroelectric 
20 layer is in accumulation and therefore blocks. 

To erase information in the ferroelectric transistor of a 
memory cell, the memory cell is likewise selected via the word 
line WL and the supply line VL. A voltage level of such a 
25 kind that the pn junction formed by the first gate electrode 
and second gate electrode of the ferroelectric transistor is 
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operated in the non-conducting direction above its breakdown 
voltage is applied to the supply line VL. As a result, the 
ferroelectric layer is polarized in such a way that the 
channel region below the ferroelectric layer is in inversion 
5 and therefore conducts. 



During the reading operation, writing operation and erasing 
operation, all of the other memory cells which are connected 
Q to the same bit lines BL or supply lines VL are connected to 
i!0 other word lines WL. They are therefore not selected and 

i** block. 

ry 

m The various operating states of writing, reading and erasing 

p are set by means of different voltage levels at the supply 

'%! 

i55 line. For operating the memory cell configuration with a 

io 

ferroelectric transistor with a ferroelectric material having 
a coercive field strength E c of approximately 3 0 kV/cm and a 
dielectric layer 131 having a relative dielectric constant s r 
of approximately 20 which is constructed in a way analogous to 
20 that explained on the basis of Fig. 1 or 2 , the following 
levels are suitable: 



Reading: + 0.5 V; 
Writing: + 3 V; and 
25 Erasing: - 3 V. 
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